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CORROSION  AND  ELECTROCHEMICAL  BEHAVIOR  OF  BINARY  MAGNESIUM  ALLOYS 


i 

|  I.  Yu.  Mukhina,  M.  A.  Timonova,  M.  B.  Al'tman,  T.  I.  Yershova 


Abstract 


A  systematic  investigation  of  the  effect  of  23  ele¬ 
ments  on  the  corrosion  behavior  of  magnesium  alloys  in  a  3% 
solution  of fNaClj and  in  a  humid  atmosphere  was  carried  out. 
The  values  of  the  stationary  potentials  and  the  variation 
of  the  potentials  through  time  are  determined.  ^ 


'^The  purpose  of  this  work  is  to  make  a  systematic  investigation 
of  the  effect  of  alloying  additives  on  the  corrosion  resistance  and 
electrochemical  characteristics  of  magnesium  alloys.  It  is  very  in¬ 
teresting  to  study  the  corrosion  behavior  of  binary  systems,  not  only 
from  the  theoretical  standpoint,  but  also  from  the  practical  one, 
since  the  selection  of  systems  for  developing  corrosion^resistant 
alloys  would  be  essentially  random  without  these  data. 


Reports  [1-5]  give  data  about  the  effect  of  some  elements  on  the 
corrosion  and  electrochemical  behavior  of  magnesium  alloys.  However, 


the  information  in  the  literature  about  the  systematic  investigation 
of  the  effect  of  alloying  components  on  the  corrosion  characteristics 
of  magnesium  alloys  is  inadequate.  x In  certain  cases,  the  published 
data  are  contradictory,  since  uncontrolled  impurities  were  present  in 
the  alloys  along  with  the  alloying  additives.  The  tests  were  con¬ 
ducted  in  different  media  and  it  would  be  inaccurate  to  compare  the 
findings  with  each  other.  .  i 

Investigation  Procedure 

When  conducting  the  work,  the  authors  attempted  to  eliminate  the 
effect  of  impurities  and  technological  factors  in  order  to  reveal  the 
effect  of  the  alloying  components. 

The  alloys  were  prepared  in  a  molybdenum  crucible  in  order  to 
keep  the  melt  from  being  saturated  with  iron  [6-8].  The  purest  pos¬ 
sible  source  materials  were  selected.  Sublimated  high-purity  magne¬ 
sium  with  the  following  impurity  content  (in  %)  was  used  for  melting: 
0.002  Fe;  0.001  Cu;  <0.0005  Ni;  0.001  Si;  0.002  Mn,  0.001  Pb.  We 
know  that  the  presence  of  impurities  greatly  reduces  the  corrosion 
resistance  of  magnesium  alloys  [l,  9,  10].  Therefore,  the  content  of 
iron,  copper,  nickel  and  chloride-ion  impurities  was  monitored.  The 
samples  were  cast  in  a  cast  iron  mold  preliminarily  painted  with 
special  paint  and  heated  to  200°C.  Volatile  components  with  high, 
moderate  and  low  solubility  in  magnesium  (see  the  table)  were  used 
to  obtain  homogeneous  and  heterogeneous  alloys. 


Table.  Solubility  of  components  in  magnesium  alloys 
(according  to  data  of  G.  V.  Reynor  et  al) . 
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NOTE:  The  investigated  alloys  had  the  following  impurity 

contents:  Fe  <0.003;  [?]  <0.0005%;  Cu  <0.003;  exceptions: 

Mg-Ca,  Fe=0 . 007% ;  Mg-Sc,  Fe=0.02%;  Mg-Ce,  Fe=0.008%. 

KEY:  (1)  Group  of  elements.  (2)  Component.  (3)  Solubility 
in  magnesium  alloys,  %  by  weight.  (4)  Maximum.  (5)  At  20°. 

(6)  Content  of  alloying  component  in  alloys,  %  by  weight. 

(7)  Insignificant. 


Magnesium  alloys  of  23  binary  systems  (see  the  table)  were  in¬ 
vestigated.  The  effect  of  iron  and  nickel  as  alloying  additives  was 
not  studied,  since  there  is  a  large  quantity  of  unambiguous  data 


which  indicate  a  significant  reduction  in  the  corrosion  resistance  of 
alloys  when  these  elements  are  present  [1,  9,  10,  etc.]. 

The  corrosion  tests  were  conducted  in  a  3%  solution  of  NaCl  and 
in  a  humid  atmosphere  above  fresh  water.  The  corrosion  resistance  of 
the  alloys  was  estimated  from  the  amount  of  hydrogen  liberated  per 
unit  surface  area  and  the  change  in  the  weight  of  the  specimen. 
Potentiometer  R-300  was  used  for  the  electrochemical  investigations. 
The  potentials  of  the  substances  through  time  were  measured  continu¬ 
ously  for  48  hours.  The  steady-state  value  of  the  potential  after 
six  hours  was  used  when  discussing  the  results. 

Results  of  Experiments  and  Discussion 

The  results  of  the  effect  of  alloying  on  the  corrosion  rate  of 
magnesium  alloys  in  a  3%  solution  of  NaCl  and  in  a  humid  atmosphere 
are  shown  in  Fig.  1.  It  should  be  noted  that  the  laws  governing  the 
effect  of  alloying  components  on  the  corrosion  rate  in  a  3%  solution 
of  NaCl  are  not  always  true  for  the  conditions  of  a  humid  atmosphere 
because  of  differences  in  the  kinetics  of  the  electrode  processes. 

As  a  rule,  the  same  regularities  are  seen  when  the  alloying  additives 
are  effective  cathodes. 

The  corrosion  resistance  of  most  of  the  binary  alloys  is  much 
lower  than  that  of  high-purity  magnesium.  Alloys  with  manganese, 
zirconium,  cadmium,  neodymium,  lead  and  tin  have  higher  corrosion 
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Fig.  1.  Effect  of  alloying  on  corrosion  resistance  of  mag¬ 
nesium  in  a  3%  solution  of  NaCl  and  in  a  humid  atmosphere. 

KEY:  (1)  In  a  3%  solution  of  NaCl,  mg/cm3,h.  (2)  In  a  humid 
atmosphere,  mg/cm3- day  10-1.  (3)  Change  in  weight.  (4) 

Content  of  components,  %. 

resistance  than  magnesium  with  both  small  and  large  contents  of  the 
component.  Alloys  of  magnesium  with  aluminum,  indium,  thallium, 
lanthanum,  cerium  and  praseodymium  have  higher  corrosion  resistance 
than  magnesium  with  small  contents  of  the  component,  and  alloys  of 
magnesium  with  gallium  and  samarium  -  with  high  contents  of  the 
component  (around  5%) .  Alloys  of  magnesium  with  copper,  thallium  (at 
high  contents) ,  silver,  bismuth  and  antimony,  and  also  alloys  of 
magnesium  with  a  high  content  or  rare-earth  metals  and  scandium  have 
low  corrosion  resistance. 


Almost  all  the  investigated  alloys,  except  for  the  alloys  of  the 
Mg-Li,  Mg-Ga  and  Mg-Sm  systems,  have  higher  corrosion  resistance  at  a 
content  of  the  alloying  component  of  up  to  0.5%  than  the  alloys 


w; 


containing  5%  or  more  of  the  component.  This  is  obviously  connected 
with  the  formation  of  homogeneous  solid  solutions  at  a  low  (up  to 
0.5%)  content  of  the  alloying  component,  or  when  the  component  has 
low  solubility,  with  the  insignificant  amount  of  liberated  cathode 
phases. 

As  the  investigations  showed,  the  potentials  of  the  alloys  are 
not  the  determining  factor  of  corrosion  resistance  in  magnesium 
alloys.  However,  if  we  know  how  the  potential  varies  through  time 
and  with  the  percentage  of  the  alloying  component,  we  can  determine 
and  explain  the  nature  of  the  corrosion  process. 

The  data  from  the  electrochemical  measurements  showed  that  the 
nature  of  the  variation  in  the  electrode  potentials  of  the  alloys 
through  time  and  the  stationary  potential  of  magnesium  differs  de¬ 
pending  on  alloying. 

A  large  number  of  the  investigated  elements  have  a  detrimental 
effect  on  the  stationary  potential  of  magnesium  to  a  greater  or  less¬ 
er  extent  (depending  on  the  alloying  metals).  The  metals  Tl,  Ga  and 
Pb  make  the  potential  of  pure  magnesium  significantly  worse.  The 
metals  Sc,  Ce,  Ca,  In,  Nd  and  Pr  do  not  make  the  potentials  more  than 
50  mV  worse.  The  stationary  potential  of  magnesium  is  improved  when 
it  is  alloyed  with  Cu,  Bi,  Sb,  Al,  Mn  and  Zn.  The  metals  Sn,  Cd,  Li, 
Al,  Si,  La,  Sm  and  Zr  essentially  do  not  affect  the  stationary  poten¬ 
tial  of  magnesium  or  the  change  the  potential  one  way  or  the  other  by 


by  a  value  with  falls  within  the  limits  of 


less  than  20  mV,  i.e., 
error  of  the  experiment. 

Because  of  the  convergence  of  the  curves,  the  variation  in  the 
potentials  through  time  occurs  selectively  for  some  of  the  most  typi¬ 
cal  binary  alloys  (Fig.  2) .  This  graph  also  gives  a  diagram  of  the 
variation  in  the  electrode  potentials  for  all  the  investigated  alloys 
in  a  3%  solution  of  NaCl. 
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Fig.  2.  Variation  in  potentials  of  high-purity  binary 
magnesium  alloys  through  time  in  a  3%  solution  of  NaCl: 

a)  0  -  high-purity  Mg;  /  _Mg  —  8  i  B\,2  —  Mg  —  o.saus  —  Mg  —  2,5Sc,<  — 

K-  r%  %  1-iSK.  &S  7.o  *-««- 

PTI. 

KEY:  (1)  V.  (2)  h. 

The  electrode  potentials  of  the  majority  of  binary  alloys  are 
regularly  improved  through  time,  obviously  because  of  the  corrosion 


\  A  . 


of  magnesium  alloys  and  the  concentration  of  the  alloying  component 
on  the  surface  [reference  illegible]1.  The  potentials  of  the  most 
corrosion-resistant  alloys,  Mg-Zr,  Mg-Nd  and  Mg-Cd,  through  time  are 
insignificantly  improved. 

The  improvement  of  the  potential  of  alloy  Mg-Li  is  obviously 
caused  to  a  great  extent  by  the  selective  dissolution  of  lithium, 
whose  potential  is  more  negative  than  that  of  magnesium.  The  curves 
of  the  variation  in  the  potentials  of  alloys  Mg-Tl ,  Mg-Pb,  Mg-In  and 
Mg-Al  at  a  high  content  of  the  components  also  have  their  singulari¬ 
ties.  A  natural  film  which  is  not  sufficiently  stable  and  which  can¬ 
not  prevent  the  intense  corrosion  of  the  alloy  in  a  3%  solution  of 
NaCl,  but  which  has  a  significant  effect  on  the  potential  of  the 
alloy,  forms  on  the  surface  of  alloys  Mg — 5.0  T1  and  Mg — 8.0  T1  [?] . 
When  the  specimen  is  submerged  in  the  solution,  the  film  is  destroyed 
and  the  potential  becomes  worse,  after  the  corrosion  of  magnesium 
begins,  thallium  is  concentrated  on  the  surface,  and  the  potential 
begins  to  improve  again.  The  natural  film  is  more  stable  on  the 
alloy  with  a  small  thallium  content,  and  the  curve  does  not  have  a 
peak. 

The  curves  for  alloys  Mg-Pb,  Mg-Al  and  Mg-In,  as  well  as  for  the 
alloys  with  a  high  thallium  content  have  a  peak,  but  one  that  is  not 
as  high. 

1  See  also  Gratsianskiy,  N.  N.  "Study  of  Corrosion  and  Electro¬ 
chemical  Behavior  of  Solid-Solution  Alloys."  Dissertation.  Insti¬ 
tute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences 
UkrSSR,  Kiev,  1960. 


Thus,  as  their  potentials  vary  through  time,  binary  alloys  can 
be  divided  into  groups,  which  are  schematically  diagrammed  in 
Fig.  2. 


Conclusions 

1.  As  a  result  of  the  systematic  investigation  carried  out,  the 
effect  of  23  alloying  components  (Li,  Cu,  Ag,  Ca,  Zn,  Cd,  Al,  Sc,  Ga, 
In,  Sm,  Nd,  La,  Ce,  Pr,  Tl,  Si,  Zr,  Sn,  Pb,  Sb,  Bi,  Mn)  on  the  corro¬ 
sion  behavior  of  magnesium  alloys  in  a  3%  solution  of  NaCl  and  in  a 
humid  atmosphere  was  studied.  The  values  of  the  stationary  poten¬ 
tials  and  the  variation  in  the  potentials  through  time  were  deter¬ 
mined. 


2.  It  was  established  that  the  corrosion  resistance  of  magne¬ 
sium  alloys  is  improved  by  the  alloying  components  Zr,  Mn,  Cd,  Nd,  Sn 
and  Pb  within  the  limits  of  the  investigation?  Al ,  In,  Tl,  La,  Ce  and 
Pr  -  in  a  quantity  up  to  0.5%;  and  Ga  and  Sm  -  in  a  quantity  of 
around  5%. 

The  corrosion  resistance  of  magnesium  alloys  is  lowered  by  the 

i 

j  components  Ag,  Bi  and  Sb  within  the  limits  of  the  investigation;  and 

j  the  components  Ce,  La,  Pr,  Ca ,  Sc  and  Tl  -  in  a  quantity  of  5%  or 

1  more. 


9 


At  a  component  content  of  up  to  0.5%,  the  corrosion  resis¬ 


tance  of  all  the  alloys,  except  for  Mg-Li,  Mg-Mn,  Mg-Sm  and  Mg-Ga,  is 
significantly  higher  than  for  the  same  alloys  with  a  component  con¬ 
tent  of  5%  or  more,  whether  or  not  the  component  forms  a  solid  solu¬ 
tion. 


4.  The  corrosion  rate  of  the  alloys  in  a  humid  atmosphere  is 
two  orders  of  magnitude  lower  than  in  a  3%  solution  of  NaCl . 

5.  The  components  which  make  the  stationary  potential  of  magne¬ 
sium  significantly  worse  are:  Tl,  Ga  and  Pb.  The  stationary  poten¬ 
tial  of  magnesium  is  improved  by  Cu,  A1 ,  Zn,  Bi,  Sb  and  Mn.  The  rest 
of  the  components  investigated  change  the  stationary  potential  of 
magnesium  by  20-50  mV. 

6.  The  electrode  potentials  of  the  majority  of  binary  magnesium 
alloys  regularly  improve  through  time;  alloys  Mg-Tl ,  Mg-Al,  Mg-In  and 
Mg-Pb  are  the  exception.  Their  potentials  become  worse. 


REFERENCES 


1.  H  a  n  a  wa  )  t  J.  D.,  Nelson  C.  E.,  P  e  I  o  u  b  e  t  J.  A.  .Metal  Teabnolo'. .  19;), 

.V?  6,  p.  8. 

2.  Knap*  T.  5.,  A  k  h  m  o  b  T,  B.  UccnejoBaHHe  b  oC.racr-H  3.ieKTpoxiiMHHe;Koro  h  nop- 

po3HOHHoro  noBeaeHHH  MeTa.i.ioB  h  cn.iasoB.  Ojoponno,  1950. 

3.  K  p  >  h  h  r  B.  0.,  n  a  b.t  o  b  E.  E.  Koppo3i:a  srarmieBfaix  cnnaBOB.  Tpvjbi  B1IAM.  but 

30.  ClHTIJ.  1935.  c  273. 

4.  y,  a  u  z  W.  Uber  den  EinfktJ  verschiedener  Legierungikomponenten  au  f  die  anjdiescht 

A'jflosunc  von  Magnesium,  1963, 

5.  Nckozo  Endo,  Susumu  ,M  or  ioka  .  Binarv  Magnesium  Alloys,  Scienc  Reports, 

Tohku,  Imp.  L'niv  First  Ser,  1936. 

6.  S  a  uje  r  w  a  1  d  F.,  Z.  anorg.  Chem.,  1949,  v.  258,  p.  296. 

7.  X  a  h  c  e  h  M.,  A  h  z  e  p  k  o  K.  CTpyKTypy  aBoP.Mb.'x  crmaBOB.  MeTa.3.3\ pnmaT.  1962. 
6.  Okhc.k hho  m era. 3.3 ob,  t.  II  noj  pea.  M.  Bewapa,  nepeB.  c  $ipami.  H3J-bo  fMera.r .lxpra*1. 

19G9. 

9  C  r  o  K  .3  h  u  K  H  ft  .1.  II. ,  .1  h  t  o  b  h  e  h  k  o  .1.  <X> .  Tpvjtj  .HATH,  .Vo  23,  05oponr»J. 

1954,  c.  122. 

10  B  e  .3  a  e  b  A.  FI  ,  T  o  .3  b  ui  t  e  fi  h  P.  H.  Tpxjbi  BAMII,  1957,  Ns  40.  c.  245. 

11  TaMOHOBaM.A.  Koppo3HB  h  3auiHTa  marHHeBux  cnnasoB.  H33-bo  *ManiHHOCTpoeH*e», 


BisTuxtirrioN  list 
6XSTM3V710N  DIRtCT  TO  UCXMrTX 


organization 

A20S  OKAHTC 
A210  BrtAAC 
1344  DU/ITS-2C 
C043  US aMI  U 
CSOO  TAaOOC 

CS09  RaILXSTXC  US  UkJ 

CS10  til  U1$/AV1aBC0« 

C313  AlUUDCOK 

CS3S  AVfcOCOH/TSAJtCOM 

CS39  TIaSana 

C391  FSTC 

C&19  HlA  UBS  TONE 

6008  NX  SC 

C0S3  HQ  USaF/INXT 

£404  AIUC/OOF 

£406  AJVL 

£410  AD/ 1KB 

£429  SB/ I KB 

9005  BOE/XSa/BOI 

9050  Cl A/ OCA/ ADD/ SB 

AFTT/tDE 

rro 

CCN 

NU/9KS 

li.Nl/  Cod  «  1-389 

NASA/NST-44 

NSA./T513/TDL 

ASD/FTB/iQIa 

FSL/NIX-3 


MICROFICHE 

1 

l 

9 

1 

1 

1 

1 

1 

1 

1 

4 

1 

1 

1 

1 

1 

1 

i 

x 

•» 

i 


i 

l 

i 

l 


> 


* 


l 

i 


i 


FTD-ID(RS)T-  T -1384-87 


ftMKMan 


